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(57) A process is claimed for decapsulating crusta-
cean or rotifer eggs wherein the outer shells of the eggs
are removed by dissolving the outer shells of the eggs
by means of a liquid medium containing permanganate.
The decapsulation process can be either performed un-
der conditions which are lethal for the eggs or under
non-lethal conditions which enable to obtain viable de-
capsulated eggs. The advantage of decapsulating cysts
with permanganate instead of with hypochlorite, which
is the known decapsulation process, is that this process

Process for decapsulating crustacean or rotifer eggs

is practical to implement on a large scale in which it is
not hampered by pollution caused by the chemicals in-
corporated in the process nor the environmental con-
cerns that are raised for the disposal of such chemicals.
This advantage can also be achieved by an alternative
process which comprises the step of dissolving the outer
shells of the eggs in a liquid medium having a pH higher
than 11 and a temperature higher than 60°C and/or
which contains persulfate.
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Description

[0001] The present invention relates to a process for
decapsulating crustacean or rotifer eggs wherein the
outer shells of the eggs are removed, in particular in a
chemical way. The decapsulating process may either be
carried out under conditions which are lethal for the eggs
or under non-lethal conditions which enable to obtain
viable decapsulated eggs.

[0002] In practice chemical decapsulation processes
are used for decapsulating crustacean eggs and espe-
cially for decapsulating Artemia cysts. The importance
of decapsulating Artemia cysts when used as food in
aquaculture has already been described by Sorgeloos
et al. in the article "Decapsulation of Artemia cysts: a
simple technique for the improvement of the use of brine
shrimp in aquaculture" in Aquaculture, 12 (1977)
311-315 and recently revised by Dhont and Sorgeloos
in "Applications of Artemia" in: Artemia, basic and ap-
plied biology, edited by Abatzopoulos et al. (2002)
251-277. The main advantages to use decapsulated
cysts of the brine shrimp Artemia is the achieved disin-
fection and that no separation of the nauplii from the
hatching debris is required. Moreover, decapsulated
non-hatching cysts can be used for direct ingestion and
digestion by marine fish and crustacean larvae which
means a valorisation of an otherwise inferior product.
Consequently, the decapsulated cysts do not necessar-
ily have to be viable. However, since the Artemia nauplii,
which hatch out of the Artemia cysts, are commonly
used as live food organisms in aquaculture, more par-
ticularly as live food for the early larval stages of marine
fish and shrimp, the decapsulation process is preferably
carried out under conditions which are non-lethal for the
cysts.

[0003] In practice, the Artemia nauplii as live food are
not marketed as such but as Artemia cysts. Hatching of
cysts is done by incubating them in a hatching medium
for an incubation period that is typically shorter than 24
hours so that everyday a new supply of free swimming
nauplii can be produced using the same hatching infra-
structure.

[0004] To harvest the daily needed portion of free-
swimming nauplii, they first need to be separated from
empty shells and unhatched cysts. Several separating
techniques exist whereby the empty shells are floating
at the surface meanwhile the swimming nauplii are si-
phoned at the bottom from the tank. However, some
batches of Artemia can hardly be separated. The un-
hatched cysts and empty shells often cause deleterious
effects when they are ingested by the predator. They are
not digested and may cause obstruction of the gut.
Moreover, as cyst shells are loaded with bacteria, infec-
tions may occur in fish or crustacean cultures after the
addition of a mixture of nauplii and cysts (or shells).
[0005] In the known decapsulation processes, the
hard dark brown external layer of the cyst, the chorion
or tertiary envelope, is removed by short-term exposure
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of the hydrated cysts to a hypochlorite solution. The cho-
rion can be oxidised because it is comprised of lipopro-
teins. However, the embryonic cuticle beneath is chiti-
nous and nonreactive in hypochlorite solutions so that
the viability of the enclosed embryo is unaffected when
the decapsulation process is carried out correctly.
[0006] The known decapsulation processes of brine
shrimp cysts typically involve four steps (see the above
mentioned article of Sorgeloos et al., US-A-4 163 064
and Van Stappen, "Use of cysts" in Manual on the pro-
duction and use of live food for aquaculture, edited by
Lavens and Sorgeloos (1996) 107-136"); (i) hydration
of cysts in seawater or freshwater; (ii) oxidation in a
strong hypochlorite solution and NaOH,; (iii) stopping the
oxidation reaction at a predetermined time by dilution
with water and (iv) thorough rinsing to remove debris
and traces of chemicals after which the denuded cysts
either can be transferred to a saturated saline solution
to be packed in a brine for future use or they can be fed
to cultured animals directly.

[0007] Advantages of a chemical decapsulating proc-
ess are the decreased labour costs by eliminating time
consuming processes of separating newly-hatched
brine shrimp from unhatched and empty shells, the fact
that denuded cysts are 100% edible even in their un-
hatched state and that it provides a product which tend
to hatch better with a higher nutritional value. Moreover,
through the elimination of the outer shell, a source of
bacterial contamination is removed.

[0008] A drawback of the known decapsulation proc-
ess is, however, that it is impractical to implement on a
large scale due to the pollution caused by the chemicals
incorporated in the process and the environmental con-
cerns that are raised for the disposal of such chemicals.
Due to the use of hypochlorite, the wastewater contains
high levels of toxic products, which are difficult to purify.
Tests performed by the present inventors have shown
that the process water contains high levels of AOX (Ab-
sorbable Organic Halogen compounds) and TOX (Total
Organic Halogen compounds), which nowadays restrict
the process to be carried out on a big scale due to en-
vironmental concerns for the disposal of such chemi-
cals.

[0009] An object of the present invention is therefore
to provide a new chemical decapsulation process
wherein the use of a hypochlorite solution can be avoid-
ed.

[0010] To this end, the process according to the in-
vention is characterised either in that it comprises the
step of oxidising the outer shells of the eggs in an oxi-
dising liquid medium containing permanganate so that
the outer shells of the eggs are transformed into a man-
ganese containing outer layer and the further step of dis-
solving the manganese containing outer layer after the
outer shells of the eggs have been oxidised; or in that it
comprises the step of dissolving the outer shells of the
eggs in a liquid medium, which has a pH higher than 11,
preferably higher than 12, and a temperature higher
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than 60°C, preferably higher than 70°C and more pref-
erably higher than 80°C, and/or which contains persul-
fate by immersing the eggs in this liquid medium for a
time sufficient to cause the outer shells of the eggs to
dissolve therein.

[0011] The presentinventors have tested different ox-
idising compounds but none of them appeared to offer
a practical alternative to sodium or calcium hypochlorite
when the eggs should remain viable after the decapsu-
lation process. Also permanganate, in particular potas-
sium permanganate, did not offer the same effects as
sodium hypochlorite. In contrast to hypochlorite, the out-
er shell was not removed by oxidising, but became a
black layer by the oxidation reaction with permanga-
nate. Quite surprisingly, the present inventors have
however found that, the black outer layer formed by the
reaction with permanganate onto the eggs could be dis-
solved by other chemicals, in particular by chemicals
which do not produce AOX or TOX compounds.

[0012] In addition to the fact that permanganate does
not cause AOX or TOX compounds in the process water,
it appeared that it offered further important advantages
over the use of hypochlorite.

[0013] First of all, it appeared that it is not necessary
to hydrate the eggs by soaking them into water before
introducing them into the oxidising permanganate solu-
tion. A complete hydration of the eggs before the clas-
sical decapsulation procedure is normally needed to al-
low a complete removal of the cyst shells, which com-
plicates the procedure.

[0014] A further advantage is that the oxidising treat-
ment with permanganate is less harmful to the eggs
when the oxidation is not stopped in time. With hy-
pochlorite, once the outer shell is oxidised, the excess
hypochlorite has to be removed quickly in order to avoid
negative effects on the viability of the eggs. When de-
capsulation is done with hypochlorite on a large scale,
in large tanks, it is thus not practical to remove the hy-
pochlorite by sieving of and rinsing the eggs. With per-
manganate, the oxidation process is finished for exam-
ple after 12 to 17 minutes, depending on the reaction
conditions, but the eggs may be left in the medium for
30 or 40 minutes without damage to the embryos.
[0015] When testing different oxidising compounds,
the present inventors found that by increasing the pH to
a value higher than 11, preferably higher than 12, (this
can be achieved by for example the introduction of a
strong base like NaOH), and by using a sufficiently high
temperature, it was also possible to decapsulate Ar-
temia cysts without using chlorine containing oxidising
compounds. Due to the relatively high temperatures, the
decapsulated cyst were however not viable any more.
[0016] The presentinventors also found that the outer
shells of the eggs can also be dissolved by oxidation
with persulfate. This oxidising reaction is preferably per-
formed under alkaline conditions and at a higher tem-
perature, in particular at a temperature higher than
40°C, to increase the speed thereof. When using a suf-
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ficient amount of persulfate, achieving such a high tem-
perature requires no additional heating due to the exo-
thermicity of the oxidising reaction. A very quick decap-
sulation could be achieved by means of persulfate when
performing the oxidising reaction at a pH higher than 11
and when allowing the temperature of the oxidising lig-
uid medium to rise to a temperature higher than 60°C.
[0017] In a preferred embodiment of the process ac-
cording to the invention, the outer shells of the eggs are
oxidised by means of permanganate and, per kg dry egg
matter, use is made of at least 50 g, preferably at least
100 g, more preferably at least 150 g, and most prefer-
ably atleast 200 g of MnO-, for oxidising the outer shells
in the oxidising liquid medium. Preferably, use is made
per kg dry egg matter of less than 1000 g, preferably
less than 500 g, more preferably less than 400 g, and
most preferably less than 300 g of MnO” .

[0018] Increasing the amount of permanganate within
these ranges, speeds up the reaction, however, more
heat during the reaction is produced which can harm the
viability of the cysts (embryos will die at temperatures
higher than 40°C) when this heat is not effectively with-
drawn. Decreasing the amount of permanganate slows
down the reaction until the point is reached where the
amount of permanganate is insufficient to decapsulate
the cysts in the subsequent step of the process. When
higher amounts of permanganate are needed, they can
be added gradually, or in two or more steps, so that the
temperature of the oxidising liquid medium can be con-
trolled better.

[0019] Inafurther preferred embodiment, the process
according to the invention is characterised in that after
the oxidising step with permanganate, the eggs are re-
moved out of the oxidising liquid medium, in particular
by sieving them out, and the eggs are introduced in a
further liquid medium wherein the formed manganese
containing outer layer is dissolved.

[0020] Removing of the eggs out of the first liquid me-
dium requires the use of less chemicals for dissolving
the manganese containing outer layer, more particularly
for converting the produced manganese dioxide and/or
manganese hydroxide into the water soluble form.
[0021] In a preferred embodiment of the invention, the
manganese containing outer layer of the eggs is dis-
solved in said further liquid medium by reaction with
ascorbic acid, erythorbic acid and/or with a salt of either
one of these acids.

[0022] An advantage of this preferred embodiment is
that contact of the treated embryos with more aggres-
sive chemical agents can be avoided.

[0023] Other particularities and advantages of the in-
vention will become apparent from the following descrip-
tion of some particular embodiments of the process ac-
cording to the present invention.

[0024] Inthe process according to the invention crus-
tacean or rotifer eggs are decapsulated. Such eggs
have outer shells which can be removed by dissolving
them chemically in a liquid medium. As explained al-
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ready hereabove, decapsulation is especially important
for cysts (=eggs) of the brine shrimp Artemia. Other val-
uable organisms, frequently used for aquaculture pur-
poses are rotifers. Rotifers can also be offered as dor-
mant cysts, which can be used as an inoculum for new
cultures of rotifers (Production, disinfection and evalua-
tion for aquaculture applications of rotifer resting eggs
from Bohai Bay, P.R. of China by: Dhert et al. In: Aqua-
culture International, 1997. Vol: 5, 105-112).

[0025] Since the decapsulation of Artemia cysts is of
the greatest importance from an economical point of
view, the further description of the process according to
the present invention will be given with reference to the
decapsulation of Artemia eggs.

[0026] In the classical decapsulation procedures, the
hard shell that surrounds the dormant Artemia embryo,
is removed by the exposure of the shell to a hypochlorite
solution. The first step in the classical decapsulation
procedure involves the hydration of the cysts. Complete
removal of the envelope can only be performed when
the cysts are spherical. In the method of decapsulation
according to the present invention, it is not required to
obtain spherical (hydrated) cysts to successfully decap-
sulate. It is thus not necessary to include a water-soak-
ing step before the eggs are exposed to the oxidising
agent. Dehydrated (brined or processed) eggs with a
water content lower than 30% and preferably lower than
20% can be introduced directly into the decapsulating
solution.

[0027] Decapsulation of Artemia eggs can first of all
be achieved by using a combination of sufficiently high
pH and temperature. Without the presence of oxidising
agents, the liquid medium should have a pH higher than
11, preferably higher than 12, and the temperature of
this medium should be raised to a temperature higher
than 60°C, preferably higher than 70°C, and more pref-
erably higher than 80°C. Under these circumstances,
the shells of the eggs can be dissolved without the use
of oxidising agents. For achieving the high pH values,
use can be made of strongly alkaline compounds, in par-
ticular of hydroxides such as sodium or potassium hy-
droxide. The required temperature can be achieved by
heating. Another way of increasing the temperature of
the liquid medium is to make use of an exothermic
chemical reaction. It has been found for example that
an effective decapsulation can be achieved by using so-
dium hydroxide to raise the pH in combination with a
persulfate, for example sodium persulfate (Na,S,0g),
which reacts with the organic matter of the outer shell
of the cysts. This last reaction is an exothermic reaction
in which the temperatures raised easily above 90°C and
the decapsulation was terminated within a few minutes.
Under such conditions, it appeares that the outer shell
of the eggs dissolves quite quickly.

[0028] Sodium persulfate or another persulfate com-
pound can also be used at lower temperatures, by using
lower persulfate concentrations and/or by an effective
cooling. At lower temperatures, the decapsulation reac-

15

20

25

30

35

40

45

50

55

tion takes however a considerably longer time. The
process with persulfate should therefore preferably be
carried out at a temperature higher than 40°C, which is
however lethal for Artemia embryos. An important ad-
vantage of the process involving a combination of a high
pH and a high temperature and/or the use of persulfate
is that it allows to decapsulate the eggs without having
to add any hypochlorite containing or producing oxidis-
ing compounds. However, the process according to the
invention can also be used to reduce the amount of hy-
pochlorite containing or producing oxidising compounds
needed to decapsulate cysts so that in particular an
amount of hypochlorite containing or producing oxidis-
ing compounds containing or producing less than 0.2 g
hypochlorite per g dry egg matter is sufficient to decap-
sulate the cysts. Preferably, the process according to
the invention is performed so that it allows to decapsu-
late the eggs without having to add an amount of such
hypochlorite containing or producing oxidising com-
pounds which may cause environmental problems (for
example amounts of hypochlorite containing or produc-
ing oxidising compounds which contain or produce less
than 0.02 g hypochlorite per g dry egg matter).

[0029] In a preferred embodiment of the process ac-
cording to the presentinvention, the decapsulation proc-
ess is performed with the use of permanganate. In this
way, the outer shells of the cysts can be removed within
a relatively short period of time without raising the tem-
perature to more than 40°C. This method therefore al-
lows to obtain viable decapsulated cysts and offer fur-
ther the same advantage that the use of hypochlorite
containing or producing oxidising compounds can be
avoided or limited to an amount below 0.2 g hypochlorite
per g dry egg matter, preferably to an amount below 0.02
g hypochlorite per g dry egg matter.

[0030] The decapsulation process with permanga-
nate comprises two steps. In the first step the outer
shells of the eggs are oxidised in an oxidising liquid me-
dium which contains the permanganate so that the outer
shells are transformed in manganese containing outer
layers. In a next step, these manganese containing lay-
ers are then dissolved.

[0031] During the oxidising step the colour of the ox-
idising medium changes from purple to brown - black.
This may be explained by the reaction of the purple per-
manganate (MnO-) into black manganese dioxide and/
or hydroxide, which is at least partially deposited on the
eggs. In the next step, this brown - black layer on the
decapsulated embryos need to be removed before the
embryos can be used for aquaculture purposes. This re-
moval can be achieved by the conversion of manganese
dioxide and/or hydroxide to the water soluble manga-
nese (Il) form.

[0032] The permanganate used in the oxidising step
is a known oxidising component which works in low pH
environments. However, for oxidising some compo-
nents, permanganate is preferably used in high pH en-
vironments. The decapsulation process, in which per-
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manganate is used, is an example of an oxidation reac-
tion that works better when the pH is at least 8. The ox-
idising step is preferably carried out at a pH higher than
9 and most preferably at a pH higher that 10. Such high
pH values can for example be reached by the addition
of NaOH or KOH to the medium. In examples 1 to 4, in
which decapsulation was performed with permanga-
nate, a pH value of about 12.6 was reached by adding
240 mmoles NaOH to 1 L of KMnO, solution.

[0033] Depending on the type of eggs, a predeter-
mined amount of permanganate is needed to oxidise the
outer shells. This amount is usually higher than 50 g of
MnO-, per kg dry egg matter, use being preferably made
of at least 100 g, more preferably at least 150 g, and
most preferably at least 200 g of MnO-, per kg dry egg
matter. In practice, the amount of permanganate need-
ed to oxidise the outer shells will usually be lower than
1000 g MnO-, per kg dry egg matter. The used amounts
are preferably lower than 500 g, more preferably lower
than 400 g, and most preferably lower than 300 g of
MnO-, per kg dry egg matter.

[0034] The next step, namely the step in which man-
ganese dioxide and/or manganese hydroxide is con-
verted into water soluble compounds can be done in the
same medium, more particularly by converting the oxi-
dising liquid medium in a further medium (by adding
chemical agents) wherein the manganese containing
outer layers of the eggs can be dissolved. However, the
cysts or eggs are preferably sieved out of the oxidising
medium and introduced in a further medium wherein the
manganese containing outer layers of the eggs are dis-
solved. In this way less chemicals are needed because
only the manganese dioxide and/or manganese hydrox-
ide deposited on the cysts need to be converted, any
manganese dioxide and/or manganese hydroxide in the
medium being removed. Moreover, any alkaline com-
pounds in the oxidising medium and any excess of per-
manganate which could react with the components of
the further medium wherein the outer layers are dis-
solved are also removed.

[0035] The oxidised manganese containing outer lay-
ers of the eggs can be dissolved with a strong acid like
HCI, but this can not be done without damaging the de-
shelled embryos. After a treatment like this, the embryos
will not be viable anymore.

[0036] To dissolve the outer layers by means of less
aggressive chemical compounds, use can also be made
of hydrogen peroxide. When the pH of the further liquid
medium is lowered to a pH lower than 5, preferably lower
than 4 and more preferably lower than 3, the manga-
nese containing outer layers can be dissolved by means
of hydrogen peroxide. The further liquid medium can al-
so be acidified by for instance diluted hypochloric acid,
acetic acid, formic acid or other acids to a pH lower than
5, preferably lower than 4 and most preferably lower
than 3 in the presence of a peroxide (such as hydrogen
peroxide: H,0,). The introduction of peroxides in the
medium causes oxygen gas and foaming problems
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which should be avoided. Instead of adding the acids in
combination with a peroxide, it is also possible to add
peracids, preferably perorganic acids. To avoid foaming
problems, the peracids should be dosed in a controlled
way.

[0037] Another way to achieve the conversion to sol-
uble components is by the use of an electrolytic cell in
an acidified medium. With an electrolytic cell (for exam-
ple a simple battery of 6V), a potential is created in the
liquid which allows manganese dioxide and/or manga-
nese hydroxide to capture electrons which results in the
conversion to the soluble manganese (ll) compounds.
Still, acidifying the medium requires the addition of rath-
er aggressive molecules to the cysts and forming of gas-
ses and foam can not be completely avoided.

[0038] The most preferred way to convert manganese
dioxide and/or manganese hydroxide to manganese (ll)
compounds, is therefore the introduction of ascorbic
and/or erythorbic acid and/or salts thereof to the medi-
um. These not aggressive compounds allow to achieve
the local potential and pH in which manganese dioxide
and/or manganese hydroxide can be converted without
further acidifying the medium (and thus avoiding the use
of more acids), without or with substantially less forma-
tion of gasses or foam and moreover, of which addition
is quite simple to carry out in the process.

[0039] Decapsulated cysts can be directly hatched in-
to nauplii, or dehydrated in saturated brine and stored
for later hatching or for direct feeding. They can be
stored in the refrigerator without decrease in hatching.
Moreover, they can be packed and distributed as a di-
rectly available source of decapsulated Artemia.
[0040] The process of the present invention can be
illustrated by next typical examples:

Example 1:
[0041]

a) Dissolve 60g of KMnOy, in 1 litre of cold tap water
(10°C) and mix the potassium permanganate solu-
tion thoroughly by aeration.

b) Add 240 mmoles NaOH (e.g. 30 ml of 8M (320 g
NaOH/L) NaOH solution) to the permanganate so-
lution and mix thoroughly.

¢) Add 200 g of dehydrated brine shrimp eggs (hav-
ing a water content of 6-8%) to the alkaline perman-
ganate solution and let occur the reaction.

d) At the end of 15 minutes, pour the mixture
through a sieve (1 50um mesh size), and rinse the
contents of the sieve thoroughly with fresh water.
e) Transfer the rinsed content of the sieve to 1L of
a vitamin C solution (40 g vitamin C / L).

f) At the end of the decapsulation process, pour the
mixture through a sieve (150 um), and rinse the con-
tents of the sieve thoroughly with fresh water.

g) The outer shell layer of the cysts has been re-
moved and within 24 hour incubation of the embry-
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os in optimal hatching conditions, the embryos will
hatch.

h) Soak the decapsulated cysts in approximately 1
L of saturated brine until they have lost their fresh
water content to the brine solution.

[0042] Microscopic examination showed that the
cysts were fully decapsulated. The hatching percentage
(H%: the number of free swimming nauplii that emerge
from 100 full cysts) was further not affected by the de-
capsulation method of this invention

Example 2:
[0043]

a) Dissolve 60g of KMnOy, in 1 litre of cold tap water
(10°C) and mix the potassium permanganate solu-
tion thoroughly by aeration.

b) Add 240 mmoles NaOH (e.g. 30 ml of 8M (320 g
NaOHY/L) NaOH solution) to the permanganate so-
lution and mix thoroughly.

c) Add 200g of dehydrated brine shrimp eggs to the
alkaline permanganate solution and let occur the re-
action.

d) At the end of 15 minutes, stop the reaction by
means of a reductant (2g Na,S,05.5H,0).

e) Add vitamin C (40g vitamin C) and let occur the
reaction.

f) At the end of the decapsulation process, pour the
mixture through a sieve (150 um), and rinse the con-
tents of the sieve thoroughly with fresh water.

g) The outer shell of the cysts has been removed
and after 24 hours incubation in optimal conditions,
the embryos will hatch.

h) Soak the decapsulated cysts in approximately 1
L of saturated brine untill they have lost their fresh
water content to the brine solution.

Example 3
[0044]

a) Dissolve 60g of KMnOy, in 1 litre of cold tap water
(10°C) and mix the potassium permanganate solu-
tion thoroughly by aeration.

b) Add 240 mmoles NaOH (e.g. 30 ml of 8M (320 g
NaOH/L) NaOH solution) to the permanganate so-
lution and mix thoroughly.

¢) Add 2009 of dehydrated brine shrimp eggs to the
alkaline permanganate solution and let occur the re-
action.

d) At the end of 15 minutes, pour the mixture
through a sieve (150 um mesh size), and rinse the
contents of the sieve.

e) Transfer the content of the sieve to an acidified
solution of 500 ml 1 M HCI solution with 5 ml of 30%
H,0, or transfer it to 500ml 1M per acid (peracetic
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acid) solution.

f) At the end of the decapsulation process, pour the
mixture through a sieve (150 um), and rinse the con-
tents of the sieve thoroughly with fresh water.

g) The outer shell of the cysts has been removed
and after 24 hours incubation in optimal conditions,
the embryos will hatch.

h) Soak the decapsulated cysts in approximately 1L
of saturated brine untill they have lost their fresh wa-
ter content to the brine solution.

Example 4
[0045]

a) Dissolve 60g of KMnOy, in 1 litre of cold tap water
(10°C) and mix the potassium permanganate solu-
tion thoroughly by aeration.

b) Add 240 mmoles NaOH (e.g. 30 ml of 8M (320 g
NaOH/L) NaOH solution) to the permanganate so-
lution and mix thoroughly.

¢) Add 200g of dehydrated brine shrimp eggs to the
alkaline permanganate solution and let occur the re-
action.

d) At the end of 15 minutes, pour the mixture
through a sieve (150 um mesh size), and rinse the
contents of the sieve.

e) Transfer the content of the sieve to a acidified
solution (500 ml 1M HCI solution) and use an elec-
trolytic cell to convert the electric energy (6V bat-
tery) to chemical energy (conversion of Mn-diox-
ides).

f) At the end of the decapsulation process, pour the
mixture through a sieve (150 um), and rinse the con-
tents of the sieve thoroughly with fresh water.

g) Soak the decapsulated cysts in approximately 1L
of saturated brine untill they have lost their fresh wa-
ter content to the brine solution.

h) The outer shell of the cysts has been removed
and after 24 hours incubation in optimal conditions,
the embryos will hatch.

[0046] All above examples enable to achieve viable
decapsulated cysts. The following example is an illus-
tration of a decapsulation method in which non-viable
cysts are achieved.

Example 5
[0047]

a) Dissolve 960 mmoles NaOH (e.g. 120 ml of 8M
(320 g NaOH/L) NaOH solution) in 1 litre of hot tap
water (80°C) and mix thoroughly by aeration.

b) Add 200g of dehydrated brine shrimp eggs to the
alkaline solution and let occur the reaction.

c) At the end of the decapsulation process, pour the
mixture through a sieve (150 um), and rinse the con-
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tents of the sieve thoroughly with fresh water.

d) Soak the decapsulated cysts in approximately 1L
of saturated brine until they have lost their fresh wa-
ter content to the brine solution.

The outer shell of the cysts has been removed.

Claims

A process for decapsulating crustacean or rotifer
eggs, wherein the outer shells of the eggs are re-
moved, characterised in that

- the process comprises the step of oxidising the
outer shells of the eggs in an oxidising liquid
medium containing permanganate so that the
outer shells of the eggs are transformed into a
manganese containing outer layer and the fur-
ther step of dissolving the manganese contain-
ing outer layer after the outer shells of the eggs
have been oxidised; or

- the process comprises the step of dissolving
the outer shells of the eggs in a liquid medium,
which has a pH higher than 11, preferably high-
erthan 12 and a temperature higher than 60°C,
preferably higher than 70°C and more prefera-
bly higher than 80°C and/or which contains per-
sulfate by immersing the eggs in this liquid me-
dium for a time sufficient to cause the outer
shells of the eggs to dissolve therein.

A process according to claim 1, characterised in
that the process comprises the step of oxidising the
outer shells of the eggs in an oxidising liquid medi-
um containing permanganate so that the outer
shells of the eggs are transformed into a manga-
nese containing outer layer and the further step of
dissolving the manganese containing outer layer af-
ter the outer shells of the eggs have been oxidised.

A process according to claim 2, characterised in
that per kg dry egg matter, use is made of at least
50 g, preferably at least 100 g, more preferably at
least 150 g, and most preferably at least 200 g of
MnO-, for oxidising the outer shells in said oxidising
liquid medium.

A process according to claim 2 or 3, characterised
in that per kg dry egg matter, use is made of less
than 1000 g, preferably less than 500 g, more pref-
erably less than 400 g, and most preferably less
than 300 g of MnO-, for oxidising the outer shells in
said oxidising liquid medium.

A process according to any one of the claims 2 to
4, characterised in that said oxidising step is car-
ried out under alkaline conditions, in particular at a
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12.

pH higher than 8, preferably at a pH higher than 9
and more preferably at a pH higher than 10.

A process according to any one of the claims 2 to
5, characterised in that said oxidising step is car-
ried out so that manganese (1V) dioxide and/or hy-
droxide is produced which is at least partially de-
posited onto the eggs, at least the manganese (IV)
dioxide and/or hydroxide deposited onto the eggs
being converted in said further step into soluble
manganese (Il) compounds.

A process according to any one of the claims 2 to
6, characterised in that after said oxidising step,
the eggs are removed out of the oxidising liquid me-
dium, in particular by sieving them out, and the eggs
are introduced in a further liquid medium wherein
said manganese containing outer layer of the eggs
is dissolved.

A process according to any one of the claims 2 to
6, characterised in that after said oxidising step,
the oxidising liquid medium is converted into a fur-
ther liquid medium wherein said manganese con-
taining outer layer of the eggs is dissolved.

A process according to claim 7 or 8, characterised
in that in said further liquid medium the manganese
containing outer layer of the eggs is dissolved by
reaction with ascorbic acid and/or with erythorbic
acid and/or with a salt of either one of these acids.

A process according to claim 7 or 8, characterised
in that in said further liquid medium the manganese
containing outer layer of the eggs is dissolved by
reaction with hydrogen peroxide at a pH lower than
5, preferably at a pH lower than 4 and more prefer-
ably at a pH lower than 3.

A process according to claim 7 or 8, characterised
in that in said further liquid medium the manganese
containing outer layer of the eggs is dissolved by
reaction with at least one peracid and/or a salt
thereof, in particular with a perorganic acid, more
particularly with peracetic and/or performic acid, the
reaction with the peracid being preferably carried
out at a pH lower than 5, more preferably at a pH
lower than 4 and most preferably at a pH lower than
3.

A process according to any one of the claims 7 to
11, characterised in that said oxidising step is car-
ried out so that manganese (1V) dioxide and/or hy-
droxide is produced which is at least partially de-
posited onto the eggs, at least the manganese (IV)
dioxide and/or hydroxide deposited onto the eggs
being converted in said further step into soluble
manganese (Il) compounds by adjusting the pH and
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redox potential of said further liquid medium to a pH
and redox potential causing such a conversion.

A process according to claim 12, characterised in
that said redox potential is adjusted by applying an
electrical potential difference in said further liquid
medium to achieve an electrolytic cell wherein man-
ganese (V) compounds are converted into manga-
nese (II) compounds.

A process according to any one of the claims 2 to
13, characterised in that when being added to the
oxidising liquid medium, the eggs have a water con-
tent lower than 30% and preferably lower than 20%,
the eggs being in particular not soaked in an aque-
ous medium before being added to the oxidising lig-
uid medium.

A process according to any one of the claims 2 to
14, characterised in that it is carried out under
non-lethal conditions which enable to obtain viable
decapsulated eggs.

A process according to any one of the claims 1 to
15, characterised in that said eggs are Artemia
cysts.

A process according to any one of the claims 1 to
16, characterised in that the process is carried out
without the use of hypochlorite containing or pro-
ducing compounds, or with an amount of such com-
pounds which contains or produces less than 0.2 g,
preferably less than 0.02 g, hypochlorite (CIO) g
per g dry egg matter.
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to severalinventions or groups of inventions, namely:

1. Claims: 1-17 (partly)

Process for decapsulating crustacean or rotifer eqgs,
wherein the outer shells of the eggs are removed, comprising
the steps of oxidising the shells in a medium containing
permanganate and further dissolving the shells outer layer

t

2. Claims: 1-17 (partly) ‘

Process for decapsulating crustacean or rotifer eggs,

" ' wherein the outer shells of the eggs are removed, comprising
the steps of dissolving the outer shells of the eggs in a
Jiquid medium which has a pH higher than 11 and at a
temperature higher than 60°C.

3. Claims: 1(partly), 16-17 (partly)

Process for decapsulating crustacean or rotifer eqgs,
wherein the outer shells of the eggs are removed, comprising
the steps of immersing the shells in a 1iquid medium which
comprises persulfate for a time sufficient to dissolve the
outher shells of the eggs.
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